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Capitol 6.- THE BIG’95 SLIDE: Modeling

6.1. INTRODUCTION

The BIG*95 debris flow affected 2,200 km?
of the Valencia Trough in the southern
Balearic Sea (Western Mediterranean Sea,
Fig. 6.1), of which 2,000 km® are covered
by the resulting deposit. The debrite has a
total volume of 26 km’ of remobilized
sediment (Canals et al., 2000; Lastras et al.,
2002), thus representing one of the largest
mass-wasting events in the Mediterranean.
It is located on the river-fed Ebro
continental slope and rise at depths ranging
from 200 m to almost 2,000 m water depth,
roughly between 39°30°N and 40°10°N, and
0°50’E and 2°00’E (Fig. 6.2), offshore of
the coastal city of Castelld and off the
volcanic Columbretes Islets. AMS Y“C
dating of a thin hemipelagic unit drapping
the debris flow deposit yields a consistent
minimum failure age of ca. 11,500 calendar
years BP (Lastras et al., 2002).

Major advances have been made in recent
years in our knowledge of the occurrence,
extent, volume and dynamics of slope
failures in both glacial (Evans et al., 1996;

Boe et al., 2000; Laberg and Vorren, 2000;
Canals et al., in press) and river-dominated
(Rothwell et al.,, 1998; Droz et al., 2001; "
Canals et al., in press) European continental
margins. Special efforts have been
dedicated to the development of numerical
models and simulations of debris flows
(Mohrig et al.,, 1998; 1999; Imran et al.,
2001; Marr et al, 2002). This paper
presents a conceptual model of the BIG’95
debris flow, based on the available data,
and its testing using numerical approaches
with sensitivity tests, in order to achieve a
better understanding of the physical
processes that occurred during this
particular event,

6.1.1. Geological Setting

The Valencia Trough extensional basin is
bounded by the Balearic Promontory to the
southeast, the Eivissa Channel to the south
and the Ebro and Catalan continental
margins to the northwest. To the northeast
it opens to the Provengal Basin (Fig. 6.1).
At present, the Valencia Trough is incised
in its axis by the northeast trending
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Figure 6.1, Regional map of the Valencia Trough and surroundings. Bathymetry extracted ﬁ’om‘ Smith
and Sandwell (1997) database. EM: Ebro margin, CM: Catalan margin, PB: Provencal Basin, CI:
Columbretes Islets, EC: Eivissa Channel, BP: Balearic Promontory. Box shows location of the study area

Tepresented in Figure 6.2.
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Valencia Channel (Canals et al., 2000). The
passive Ebro continental margin, which is
the source area of the BIG’95 debris flow
material, is floored by siliciclastic sediment
mainly fed by the 900 km long Ebro River.
The shelf is amongst the widest in the
Mediterranean Sea due to the sustained
inputs from the Ebro. It reaches widths of
70 km and has a shelf break located at a
mean depth of 130 m.

The narrow, 10 km wide Ebro slope is cut
by a number of east—southeast trending
submarine canyons often slightly incised
into the shelf, and by several short, straight
gullies (Fig. 6.2). The continental rise is
occupied by meandering channel-levee
complexes, smooth inter-channel areas, and
debris flow and apron deposits, forming the
Ebro Turbidite System (Nelson and

Maldonado, 1988). None of the canyon—
channel systems is connected with the
Valencia Channel in the southern sector of
the margin, south of 40°N (Fig. 6.2) (Canals
et al.,, 2000). The growth patterns of the
Ebro margin during the Quaternary were
controlled by glacioeustatic sea-level
oscillations, subsidence and changes in
sediment supply (Farran and Maldonado,
1990). In contrast to the Ebro margin, the
opposite Balearic margin is a starved
margin fed by carbonate sediment and
submarine valleys have not developed there
(Fig. 6.2) (Canals et al., 1982).

There are several volcanic structures in the
region, including the Columbretes Islets, a
volcanic archipelago on the Ebro outer
shelf (Aparicio et al., 1991) that is the
topographic expression of a larger, mostly
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Figure 6.2. Swath bathymetry map of the BIG'95 debris flow area, bounded by the thick dashed line.
Contour interval is 25 m. The source area (SA), proximal depositional area (PDA), intermediate
depositional area (IDA) and distal depositional area (DDA) are separated by continuous lines. Grey
patches in the IDA represent blocks as observed in swath bathymetry maps (see Fig. 1 in Lastras el al,
2002). The course of the Valencia Channel (VCA) is marked with a thin dashed line. The dotted line
corresponds to the along-slide section in Figure 6.6. A: Canyon-channel system abruptly cut by the
debris flow deposit. Other channels also cut are marked with thin arrows. E: Secondary scar downslope
the main scar. SM: Seamount. Numbers 1 to 7 are core CLKSO0I to CLKS07 locations, respectively (Fig
6.3). 7G and 8G show core 277G and 278G locations.
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Figure 6.5. Representative sketch of the mobile material, a block and the forces acting upon it. Bold lines
represent the edges of the block, dotted lines represent the loose material and thin lines represent water.
Grey areas on the block surfaces are places of contact between the block and the mobile material.

locating the proximal and intermediate
depositional areas limits and secondary
scars in those areas, together with
tentatively backstripping of blocks (Lastras
et al,, 2002). The idealized block is 5 km
long, 2 km wide and 40 m high, roughly
representing one of the largest blocks
observed from swath bathymetry in the
BIG’95 debris flow deposit.

The cross-section has been constructed
taking into account that volume per unit
width of the actual debris flow deposit and
that resulting in the cross-section are
comcident, as well as volumes per unit
Wwidth of the real blocks in the debris flow
deposit compared to the idealized block
used in the runs.

6.3.2. Debris Flow-Block Interaction
Model

For simplification, we assume that the
blocks would stay at rest on the seafloor
without the intervention of the loose
fraction, although as explained in the
conceptual model it is possible that the
blocks were already in movement, released
by the initial failure mechanism. As the
mobile material comes into contact with the
block (Figs. 6.4B and 6.4C), the latter is
accelerated by several forces, as shown
schematically in Figure 6.5. The motion of
the block along the bedding parallel
direction can be written equating the time
derivative of the block velocity V parallel
to the seabed (the acceleration) to the sum
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Capitol 7.- SLIDES OF THE EIVISSA CHANNEL
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Figure 7.1. Bathymetric map of the Balearic Promontory and the surrounding area of the Western
Mediterranean Sea. Bathymetry data extracted from the Smith & Sandwell (1997) database. Contours are
at 100, 200, 500, 750, 1000, 1500, 2000 and 2500 m. Box shows location of the study area (Fig. 7.2). The
bold arrows mark the areas where interchange of waters between the Valéncia Trough and the South
Balearic Basin may occur. The dotted arrows show general direction of currents in the Valéncia Trough.
The short arrows on the coast mark the location of discharge of the Ebre, Tiria and Xiuguer (Ebro, Turia
and Jicar) rivers. Note that the Eivissa Channel is the deepest channel connecting the Valéncia Trough

and the South Balearic Basin.

1.3. STRUCTURAL SETTING

The Eivissa Channel is situated between La
Nao Cape north of the coastal city of
Alacant (Alicante), on the Iberian
Peninsula, to the west, and the islands of
Eivissa (Ibiza) and Formentera, to the east
(Fig. 7.1). It lies at the western end of the
348 km-long and 120- km-wide Balearic
Promontory, which includes the Menorca,
Mallorca and Eivissa structural blocks, the
depressions between them, and the Eivissa
Channel. The Promontory constitutes the
northeastward prolongation of the external
zone of the Betic Ranges from the Iberian
Peninsula,

Westward migration of the Alboran
microplate to the south along the Emile-
Baudot (Fig. 7.1) and Mazarrén (southeast
of the Iberian Peninsula) escarpments
(Fontboté et al., 1990; Vegas, 1992; Sabat
et al, 1995; Acosta et al, 200la) or

subduction roll-back of the Alboran arc
during the Tertiary (Gueguen et al., 1998),
produced a clockwise rotation of the
Mallorca and Eivissa blocks. The maximum
height of the Balearic Promontory is ca.
3,000 m above the surrounding seafloor.
Neogene volcanic centres are common both
on the Balearic Promontory (Acosta et al.,
2001a) and in nearby areas (e.g. Maillard &
Mauffret, 1993).

7.4. PHYSIOGRAPHY

Three  physiographic  elements  are
distinguished in the Eivissa Channel: (1)
the 100 to 130 m deep continental shelves
off Alacant and SW Eivissa — Formentera,
(2) the continental slopes down to 800 m
deep, and (3) a generally smooth median
depression that only locally exceeds 900 m
water depth. Overall, the saddle
morphology of the north-south trending

—
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Capitol 7.- SLIDES OF THE EIVISSA CHANNEL

from 635 m at the rim of the headwall scarp
to 815 m at its toe, with an average slope
angle of 1.6°. The headwall scar extends
from 635 m to 740 m water depth, has a
horseshoe shape and is up to 30 m high.
The slide has a total length of 4.9 km and a
mean width of 1.3 km. It has affected

area of 6 km’ (Fig. 7.4a). -

Seismic reflection profiles along the length
of the Ana slide (Fig. 7.4b) show three
seismic facies that succeed one another
downslope. At shallower water depths, the
slide deposit consists of transparent seismic
facies. Slightly rotated, glide blocks with
stratified seismic facies can be observed in
the central part of the slide. The deposit
facies become chaotic at the slide toe, as if
in this lower reach there was a lesser degree
of sediment disruption compared to the
upper part of the slide. Material did not
significantly outflow over the slide toe.

The slide deposit has a mean thickness of
23 m (assuming a velocity of 1,500 m's™ for
the sediment) and a maximum of 44 m,
which is greater than the headwall scarp
height. The disturbed sediment thickens
downslope towards the distal part of the
deposit. Such thickening contrasts with the
minimal bathymetric expression of the edge
of the depositional lobe in terms of height
difference. These observations suggest that
modest material transfer is accompanied by
the downslope propagation of deformation
front that extensively remoulds the slope
sediment without necessarily translating it
very far downslope. Most of the sediment
in the central and lower slide deposit
remains in situ or is only slightly displaced,
but it is highly disrupted. Thus, the total
length of the slide does not correspond to
the run-out of sediment. Overall, the total
volume of sediment affected is ca. 0.14
km’.

0" 49

o AN LN T
Ao
by \\ %l UL RN

Vo

A ;".’

W-E Marinada-3
i
ms Headwall scar - i
900 Transparent facies A 5
Rotated blocks . ok
Lobe edge Chaotic facies - g

- ¢ A N !

Slide toe \\ AT Acoustic wipe-out

— " e plan g

100 e - Slip plane 3 4k

T T

Figure 7.4. a: Swath bathymetry map of the Ana slide. Contours every 5 m. The dotted line outlines the
limit of the depositional lobe and the bold line is the trace of the headwall scarp. Arrows show the
location of the profile in Fig. 7.4b. b: Interpreted very high resolution reflection seismic profile along the
Ana slide. Main features within the profile are indicated. See text for explanation. c: Swath bathymetry
map of the Joan slide. Contours every 5 m. The bold line is the headwall scarp. See text for explanation.
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Figure 7.6. Bathymen;ic 3D block model of the Nuna slide area, split along the seismic reflection profile
located in Fig. 7.5a and its interpretation below. Note the different seismic Jacies within the deposit, as
explained in the text, and the presence of two pockmarks close to the headwall scar area.

7.6.3. Nuna slide

The Nuna slide complex (Figs. 7.5 and 7.6)
results from two events forming two
separate headwalls and lobes to the north
and south that are identified on the swath
bathymetry imagery and derivative slope
maps (Figs. 7.5a and b), and on VHR
seismic reflection profiles (Fig. 7.5¢). The
slide complex is located between
38°42’30"N and 38°44’N, and between
0°46’E and 0°50’E in an area with an
average slope angle of 3° Including the
depositional lobes, it affects 10.3 km? of the
seafloor at water depths from 675 to 860 m.
The headwall scarp has an irregular
morphology and ranges from 20 m high for
the northern slide to more than 50 m high
for the southern slide, where steps up to 30
m high occur (Figs. 7.5a and 7.6) due to the
presence of shallow acoustic basement seen
on seismic reflection profiles (Fig. 7.2b).
Swath bathymetry reveals the presence of
two pockmarks up to 15 m deep in the
h;adwall scar area. The ca. 400 m in
diameter, <10 m deep pockmark to the

———

north is almost connected to the northern
scar upper rim (Figs. 7.5a and 7.6).

Seismic reflection profiles across (Fig.
7.5¢) and along (Fig. 7.6) the Nuna slide
complex show the deposit to be mainly
made up of transparent seismic facies, but it
is also chaotic and discontinuously
stratified at its distal most part. It lies on top
of the continuously stratified facies that
forms the stable Plio-Quaternary sequence.
As already seen on the Ana slide, short
distance transport was sufficient to
obliterate the internal stratification of the
slide mass. Both lobes are characterised by
areas of positive and rougher relief with
respect to the surrounding undisturbed
seafloor (Fig. 7.5¢). The mean thickness of
the deposit is ca. 30 m, rising to a
maximum of 50 m locally. The total
volume of disturbed sediment is about 0.31
km’. A small, <5 m deep, north-south
oriented, oval-shaped depression observed
on top of the deposit at ca. 810 m water
depth results from the accommodation of
the deposit to the topography of the
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underlying slip plane reflector (Figs. 7.5a
and 7.6). This slip plane reflector displays
very high amplitude and continuity, and can
be identified at the base of both lobes of the
Nuna Slide complex. Reflector
enhancements or “bright spots” (black
arrows in Fig. 7.5¢), which could relate to
the presence of free gas in the sediment, are
occasionally observed.

7.6.4. Jersi slide

The Jersi slide (Fig. 7.7) is located between
38°46°30”N and 38°48’30”N, and between
0°46’E and 0°48°30”E, in an area with an
average slope angle of 1.9°. The Jersi slide
has a 15 m high headwall scarp and affects
7.9 km” of the seafloor in the northeastern
corner of the southern sector of the Eivissa
Channel, close to the Xabia Seamount. Due
to the local topographic influences, the
sediment moved northwestwards and not
westwards as in the rest of the slides in the
area (Fig. 7.7a).

Seismic reflection profiles along the Jersi
slide (Fig. 7.7b) show that the deposit is
characterized by transparent seismic facies.
Chaotic seismic facies such as those
observed at the toes of the Ana and Nuna
slide deposits are not present in this case.
Instead, small patches of broken stratified
facies can be identified in the upper part of
the slide below the headwall step
suggesting that sediment was only slightly
disturbed here. The slide deposit overlies
the stable stratified Plio-Quaternary
sequence of the Eivissa Channel and, as in
the other slides, it represents the last
sedimentary event in the area. It has a mean
thickness of 25 m, giving a total volume of
0.19 km’. Seismic reflection profiles also
show that the height of the headwall scarp
is not representative of the final thickness
of the deposit, since disturbed sediment was
not totally evacuated from the headwall
scar area. Once again, a prominent high-
amplitude reflector forms the slip plane of
this slide for which a tentative
reconstruction of the seafloor profile prior
to the slide has been made (Fig. 7.7b).
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Figure 7.7. a: Swath bathymetry map of the Jersi slide. Contours every 5 m. The dotted line marks the
limit of the depositional lobe and the bold line is the headwall scarp. Arrows show the location of the
profile in Fig. 7.7b. b: Seismic reflection profile along the Jersi slide. Main features within the profile are
indicated. The dotted line illustrates a tentative reconstruction of the seafloor profile previous to the

slide. See text for explanation.
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Capitol 8.- INTEGRACIO DELS RESULTATS

pogut apreciar, a més, que la cicatriu principal de 1’esllavissament BIG’95 mostra certa
degradaci6 per petits esllavissaments posteriors (Fig. 8.2).

A banda de la cicatriu principal, a Parea font de I’esllavissament BIG’95 s’han identificat
tres cicatrius secundaries de certa importancia (Taula 4.2), totes talis amunt de la cicatriu

Figura 8.2. Comparacié de la cicatriu principal de I'esllavissament BIG'95 (4) amb un petit segment de
la cicatriu de lesllavissament d ‘Storegga, la qual t¢é més de 500 km de longitud total (B). (1) Morfologia
esglaonada, (2) esllavissament posterior que degrada la cicatriu inicial, i (3) cicatrius o ﬁactures‘de
corona. Les dues imatges foren obtingudes amb el sonar d’escombrada lateral immergit en profunditat
TOBI (cf. Aptat. 1 .3.5). Modificada de Canals et al. (2004).

———
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Figura 8.4. Mapa batimétric del talis de I'Ebre al limit meridional de 1'esllavissament BIG 95, mostrant
l'ablacié gairebé total del curs baix d'un sistema de canyd-canal. La destruccié d’aquest sistema
comporta la incorporacio de sediment més groller a la massa esllavissada. En gris, curs actual del
sistema de canyé-canal. Les fletxes en linia discontinua mostren la trajectoria de la massa esllavissada.
Isobates cada 20 m.

L’area deposicional intermédia ¢€s la més complexa. Presenta una série de monticles de
sediment de fins a 25 km’ d’extensi6 i 35 m d’alcada, de relleu irregular, baixa intensitat
de retrodifusio i facies sismica transparent, separats per depressions més o menys lineals,
de fons pla i alta intensitat de retrodifusié. Tant I'ecosonda de multifeix (Figs. 2.1 1 8.1) com
el sonar MAK-IM (Fig. 3.5) s’han demostrat molt (tils per a estudiar aquesta area, encara que
amb resolucions molt diferents (Fig. 8.5). Tot i que podria semblar que els monticles fossin
petits turons’ testimoni, als perfils de sismica de molt alta resoluci6 tant de TOPAS (Fig. 2.3)
com de 5 kHz (Fig. 8.6) aquests presenten facies sismica transparent, posant de manifest el
trencament de 1’estratificacié interna i, per tant, indicant que el sediment que els conforma
també es veié involucrat a Pesllavissament. De fet, en alguns perfils sismics s’ha observat el

reflector basal de 1’esllavissament tant sota les depressions com sota els monticles (Fig. 8.6).

L’area deposicional distal es caracteritza per una topografia molt més suau que l’area
precedent i, en general, mostra una resposta a la insonificacié molt similar a la del material
que omple les depressions de I’area deposicional intermédia. En els darrers 40 km del seu

recorregut, la massa esllavissada es desplaga confinada dins el canal de Valéncia.
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